We report here the properties of viral DNA-protein complexes that purify with cellular chromatin following formaldehyde cross-linking of intact cells early after infection. The cross-linked viral DNA fractionated into shear-sensitive (S) and shear-resistant (R) components that were separable by sedimentation, which allowed independent characterization. The R component had the density and sedimentation properties expected for DNA-protein complexes and contained intact viral DNA. It accounted for about 50% of the viral DNA recovered at 1.5 h after infection but less than 20% by 4.5 h. The proportion of R component was independent of multiplicity of infection, even at less than one particle per cell. Viral hexon and protein VII, but not protein VI, were detected in the fractions containing the R component. These properties are consistent with those of partially uncoated virions associated with the nuclear envelope. A substantial proportion of the S component viral DNA had the same density as cellular chromatin. Protein VII was the most abundant viral protein present in gradient fractions that contained the S component. Complexes containing USF transcription factor cross-linked to the adenovirus major late promoter were detected by viral chromatin immunoprecipitation of the fractions containing S component. The S component probably contained uncoated nuclear viral DNA that assembles into early viral transcription complexes.
Introduction
The establishment of early transcription from the genomes of infecting group C adenovirus particles is the culmination of a process that begins with the attachment of virions to a high-affinity receptor (hCAR) (Bergelson et al., 1997; Tomko et al., 1997) . The virions are disassembled in a stepwise fashion in the cytoplasm and at the nuclear pore complex, where final uncoating and delivery of the viral DNA to the nucleus occur (Greber et al., 1993 (Greber et al., , 1997 Trotman et al., 2001 ). All of the major capsid and capsidassociated proteins dissociate from the virions and/or are degraded (Greber et al., 1993 (Greber et al., , 1996 . Among these components, only dissociated hexon may enter the nucleus (Greber et al., 1993; Trotman et al., 2001) . Three core proteins, V, VII, and , package DNA in virions (Sato and Hosokawa, 1981; Mirza and Weber, 1982; Vayda et al., 1983; Weber et al., 1983; . There is evidence that protein VII persists in the nucleus and can be cross-linked to the viral DNA Greber et al., 1996 Greber et al., , 1997 . Terminal protein is covalently bound to the 5Ј ends of both the virion and the intranuclear DNA (Robinson et al., 1973; Girard et al., 1977; Rekosh et al., 1977; Straus et al., 1979) and directs the viral nucleoprotein to associate with the nuclear matrix (Bodnar et al., 1989; Schaack et al., 1990; Fredman and Engler, 1993) .
The structure of the early viral nucleoprotein has been probed by digestion with micrococcal nuclease (MN) Tate and Philipson, 1979; Daniell et al., 1981; Dery et al., 1985) and DNase I (Fedor and Daniell, 1983) . Initial reports of micrococcal nuclease sensitivity patterns similar to those obtained for cellular chromatin implied that viral DNA might be packaged by cellular histones into nucleosome-like structures Tate and Philipson, 1979; Daniell et al., 1981; Dery et al., 1985) . However, subsequent investigation revealed that, compared to cellular nucleoprotein, the products of MN digestion of adenovirus early nucleoprotein have a retarded mobility . Together with the evidence that the viral DNA can be cross-linked to protein VII , these results indicate that the composition and structure of viral nucleoprotein, and by inference, the transcription template, are distinct from that of host cell chromatin.
A combination of genetic and in vitro biochemical analysis led to the development of transcription factor binding maps for all of the adenovirus early promoters, and strong hypotheses for the involvement of particular cellular transcription factors (see Jones et al., 1988) . However, there are only a few reports of direct biochemical analysis of factor binding in whole cells or isolated nuclei. For the E2a promoter, binding sites in early viral DNA templates were probed in isolated nuclei by nuclease-protection footprinting (Kovesdi et al., 1986; DeVaux et al., 1987) . Since these methods do not directly identify the factors bound to the site in infected cells, they cannot distinguish individual isoforms that contribute to activity. Chromatin immunoprecipitation (ChIP) is a powerful method to identify such factors, as well as to dissect multiprotein complexes bound to DNA in intact cells. As a prelude to initiating an investigation of viral promoters and enhancers, we analyzed formaldehyde crosslinked chromatin preparations from early-infected cells. After shearing, viral DNA-containing material fractionated into shear-sensitive and resistant components. The resistant component had the properties expected of partially uncoated virions found at the nuclear envelope. The sensitive fraction had the properties expected for fully uncoated nuclear genomes and served as a source of cross-linked cellular transcription factors for analysis by the ChIP assay.
Results

Shear-sensitive and shear-resistant components containing cross-linked adenovirus DNA
Formaldehyde cross-linking of intact cells allows the subsequent isolation of intact cellular chromatin (Orlando et al., 1997) . In combination with shearing of DNA by ultrasound, specific protein-DNA complexes in chromatin can be assayed subsequently by immunoprecipitation (Orlando et al., 1997) . Chromatin was prepared from formaldehyde cross-linked infected cells and the chromatin was sheared. Following agarose gel electrophoresis, the viral DNA was detected by blotting the gel and hybridizing the blot to a radiolabeled whole genomic adenovirus probe. There were shear-sensitive and shear-resistant components of viral DNA (Fig. 1) . In the conditions used, the average size of the sheared viral DNA (less than 1 kb) was considerably less than that of the sheared cellular DNA (also see below). The resistant viral DNA had the mobility expected of full-length genomes (data not shown) and at 4 h after infection consisted of about 20% of the total radioactivity (see Fig. 2 ). The sharpness of the resistant band and the clear distinction between the two components argues strongly that the resistant material did not arise simply from incomplete shearing of a homogeneous population of viral DNA molecules.
Kinetics of accumulation and multiplicity dependence of viral DNA-containing components
Samples were harvested at different times after infection, but prior to the onset of viral DNA replication, and the viral DNA was assayed by blot hybridization. Total radioactivity in hybridized viral DNA remained fairly constant during the time course (data not shown). In a series of experiments similar to the one shown in Fig. 2 , the fraction of shearresistant high molecular weight viral DNA at 1.5 h varied from about 40 to 70%, but it always decreased to less than 20% by 4.5 h. These results are consistent with the notion that the resistant population was a precursor to the sensitive component.
We also investigated whether the accumulation of shearresistant viral DNA in infected cells was a consequence of the delivery of a high number of particles per nucleus at the multiplicity of infection (20) used in the standard protocol. For a particle/PFU ratio of about 30, this multiplicity corresponds to about 600 particles/cell. Since only about 8% of infecting particles reach the nucleus , this multiplicity probably represented about 60 genomes per nucleus. Accordingly, cross-linked chromatin also was isolated from cells infected at an m.o.i. of 2 or 0.2, and the shear-resistant and sensitive viral DNA components were assayed by blot hybridization (Fig. 3) . To visualize the proportions of the two components in the samples at similar These data show that the resistant population is not an artifact of high multiplicity of infections. Rather, it is likely to represent a physiological form of viral DNA, as would be expected for a precursor to the sensitive form.
Fractionation of cross-linked viral DNA-protein complexes
Due to its protein content, cross-linked cellular chromatin has a density of about 1.39 g/mL in CsCl (Orlando et al., 1997) , whereas naked cellular DNA has a density of about 1.700. To determine whether the different components of viral DNA were cross-linked to proteins, the density of the cross-linked, viral DNA-containing material was compared to those of cellular chromatin and naked cellular DNA in an equilibrium density gradient (Fig. 4) . In this experiment, the cross-linking time was reduced to 5 min.
Most cellular DNA was recovered in the middle fractions of the gradient, indicating that it was cross-linked to proteins. Therefore, this duration was clearly sufficient for cross-linking of the cellular DNA. In contrast, a significant proportion of the sheared viral DNA was recovered at the bottom of the gradient, as would be expected for naked viral DNA (density ϭ 1.710). The viral DNA recovered in the same fractions as the cellular chromatin (peak at fraction 6) consisted of the remainder of the shear-sensitive material and essentially all of the shear-resistant material. This viral DNA must have been cross-linked to proteins. Once again, the average size of the shear-sensitive viral DNA, less than 1 kb, was considerably smaller than that of the cellular DNA, about 2.0 kb in the same fractions. These data show that at least some of the shear-sensitive viral DNA and essentially all shear-resistant viral DNA were recovered in cross-linked DNA-protein complexes.
To separate the shear-sensitive and sheer-resistant components of the viral DNA, the cross-linked extracts were sedimented through a cushion of 20% sucrose in conditions predicted to minimize the sedimentation of material less than 50 S, including most of the cellular chromatin and the sheared viral material (Fujisawa and Hayashi, 1976) . Since the density of the shear-resistant viral DNA was about the same as cellular chromatin (Fig. 4) , it probably contained more than 50% protein. Combined with the viral DNA (2.3 ϫ 10 7 D), the mass of the protein should have allowed this material to sediment rapidly through the sucrose and layer on a cushion of CsCl at the bottom of the gradient. The expected behavior was observed (Fig. 5 ) and the two components of viral DNA were clearly separated. These results not only confirmed the predicted sedimentation properties of the different components of viral DNA, but also provided a means to facilitate analysis of the proteins that might be associated with the viral DNA in the different fractions.
Viral protein profiles of gradient fractions
The virion proteins in gradient fractions were analyzed by probing immunoblots with antibody either to disrupted virions or to protein VII. Protein VII was detected easily with either antibody in the gradient fractions that contained the shear-sensitive viral DNA (Fig. 6 ). There also was a band comigrating with hexon in most of the gradient frac- tions, including fraction 10 that contained the resistant viral DNA. A number of other lower molecular weight bands also were detected in the slower sedimenting fractions. However, it was clear that conditions that increased the sensitivity of the assay were required to evaluate adequately the presence or absence of viral proteins in the fractions of interest.
Accordingly, gradient fractions containing shear-sensitive (S) and shear-resistant (R) viral DNA were pooled and analyzed by immunoblotting with a longer development time (Fig. 7) . In the blot probed with anti-ad5, the hexon in the R fraction was clearly apparent. The S fraction also contained hexon and the faster migrating species observed in Fig. 6 . However, no protein VI was observed in either fraction. In disrupted virions, this antiserum was clearly more sensitive for detection of protein VI, which gave a signal with the most diluted virion standard (about 7.5 ϫ 10 6 virions) than for detection of hexon. If the shear-resistant material contained stoichiometric amounts of hexon and protein VI, the latter should have been detected easily. Therefore, the viral material in the gradient fractions containing the fast-sedimenting, shear-resistant viral DNA probably did not consist primarily of intact virions. Rather, the viral protein composition in this gradient fraction was consistent with the presence of uncoating intermediates, the hallmarks of which are the presence of hexon and the absence of protein VI (see especially Greber et al., 1996) . Consistent with this notion, protein VII, another component of uncoating intermediates, also was detected in the R fraction with anti-VII antibody.
Transcription factor binding to sheared viral chromatin
There is good evidence that the early viral transcription template incorporates both Tp and protein VII, as well as cellular transcription factors. However nothing else is known about the structure. To investigate whether the shearsensitive DNA contained bound cellular transcription factors, ChIP was performed on the isolated gradient fraction. Binding of the factor USF to the major late promoter served as a measure of template occupancy. The major late promoter is active prior to viral DNA replication (Shaw and Ziff, 1980) . Binding of Sp1, which has not been reported to recognize the major late promoter, was used as a negative control.
The results (Fig. 8) indicate that, by three different criteria, antibody to USF specifically precipitated the MLP in the shear-sensitive cross-linked viral chromatin. At least 16-fold more MLP DNA was precipitated by anti-USF-1 than by anti-Sp1 (dl309 samples; compare USF-1, 1:16 dilutions with Sp1, none). Furthermore, in each dl309 sample either antibody precipitated approximately equal amounts of the irrelevant viral L3 DNA region. Compared to the MLP, the L3 signals were reduced because the shearing decreased the available template for amplification of the Fig. 7 . Detection of virion proteins by immunoblotting. Fraction 10 (R), or pooled fractions 2 and 3 (S), from a sucrose gradient (10 min cross-linking) were pooled and dialyzed and the proteins were analyzed by immunoblotting as in Fig. 6 . The top blot was probed with anti-ad5 and the bottom was probed with anti-VII. The virion marker contained 7.5 ϫ 10 8 particles. The V/10 and V/100 lanes contained 7.5 ϫ 10 7 and 7.5 ϫ 10 6 , respectively. larger sized product. Finally, about fourfold less promoter DNA was precipitated by the anti-USF-1 serum and chromatin from a strain that has a mutated USF site (USF0) and binds USF-1 less efficiently in vitro (Reach et al., 1990) .
Discussion
We present here the properties of adenovirus DNA in chromatin preparations from cells cross-linked with formaldehyde early after infection. The viral DNA fractionated into three components (Fig. 4) . Two of the components were shear-sensitive and one of those had the same density as cellular chromatin. The more dense material is likely to represent viral DNA that was either depleted or devoid of cross-linked proteins, as a result of either reduced protein content or insufficient time for cross-linking. We did not extend the cross-linking beyond 10 min, a duration that results in a profile of viral DNA similar to that in Fig. 4 (data not shown). The viral chromatin could be sheared to an average size of less than 1 kb in conditions that resulted in a considerably larger average size for cellular chromatin (Figs. 2 and 3 ). This result supports the notion ) that viral chromatin has different properties than cellular chromatin.
The cross-linked shear-sensitive viral DNA cosedimented with viral protein VII (Figs. 6 and 7) , as expected for the fully uncoated nuclear genomes that have been implicated as the early transcription templates . By ChIP, the shear-sensitive viral DNA indeed contained viral transcription complexes at the major late promoter (Fig. 8) , which is active in early-infected cells (Shaw and Ziff, 1980) . According to the intensities of the PCR signals in Fig. 8 , the fraction of total templates (these samples were diluted 1:100) occupied by the USF factor was a little less than 1%. This result may reflect poor affinity of this factor for the early viral DNA or incomplete crosslinking or it may indicate that factor abundance or some other property of the nuclear environment restricts the assembly of transcription complexes at the MLP early in infection. For USF and the major late promoter, separation from the shear-resistant DNA was not required for the ChIP assay, as comparable results were obtained with whole chromatin (data not shown). However, fractionation may be a viable strategy for analyzing protein-DNA interactions that may not be detectable in whole chromatin or for which the signal-to-noise ratio is low.
There are several reports of transcription factor occupancy of specific binding sites in nuclear viral DNA early after infection, as assayed by protection from nuclease digestion (Kovesdi et al., 1986; DeVaux et al., 1987) . The interpretation of these data depends on the assumption that the nuclease-sensitive fraction contains transcriptionally active viral chromatin. Our ChIP results with USF and the major late promoter support this interpretation.
The shear-resistant cross-linked viral DNA had the properties expected of partially uncoated virions found at the nuclear envelope. The density of the viral DNA-protein complexes was about the same as that of cellular chromatin, about 1.39 g/mL. This density corresponds to a protein-DNA ratio that is appropriate for a particle retaining 80% of the protein mass of the virion (Greber et al., 1993) . The viral DNA cofractionated with viral proteins hexon and VII, the major constituents of partially uncoated virions, but not protein VI, which undergoes rapid proteolysis following penetration of capsids into the cytosol (Greber et al., 1993 (Greber et al., , 1996 . In the experiment shown in Fig. 7 , the R fraction probably contained only about 20% of the total viral DNA. Given the apparent high threshold for detection of protein VII from disrupted virions, the ability to detect it in the R fraction is consistent with the notion that the stoichiometry of protein VII to DNA is similar in the shear-resistant and sensitive components.
By quantitative microscopy, a substantial fraction of hexon-containing particles, similar to that measured in Fig.  2 , is associated with the nuclear region, especially at 90 min postinfection (Nakano and Greber, 2000) . Finally, the fact that the fraction of shear-resistant DNA was unaffected by reducing multiplicities of infection to less than one particle/ cell argues for a physiological role for this material.
Another possibility is that at least some of the resistant DNA is associated with the nuclear pore complex (NPC). Partially uncoated virions dock with the NPC for import of viral DNA into the nucleus (Greber et al., 1993 (Greber et al., , 1997 Trotman et al., 2001) . The mass of the NPC (120 MDa, Miller and Forbes, 2000) is about the same as that of the protein in partially uncoated virions (Greber et al., 1993) . The ability to observe NPC-viral DNA complexes would Fig. 7 (dl309) , as well as a similar gradient fraction from an infection with USFO virus (USF0), using antibodies to the transcription factor indicated. Serial dilutions of DNA were amplified (28 cycles) with primers for MLP or L3. The input DNA (twice the volume of the precipitated samples) was diluted 1:100 prior to amplification. The USF-1-specific signal accounted for about 0.5% of the input dl309 DNA, and about 0.01% of the input USF0 DNA.
depend on whether the time required for the DNA to traverse the pore was sufficiently long to produce a significant steady-state population.
Its physical properties make it highly unlikely that the shear-resistant material has an active role in early viral gene expression. Since the viral DNA is intact, interpretation of the results of ChIP experiments to identify promoter complexes is problematic; antibody to any factor that binds the DNA should coprecipitate the genome. ChIP assays of this material with antibody to USF-1 did not yield a specific signal (data not shown).
There are persistent observations of a nuclease-resistant fraction of nucleus-associated parental viral DNA (for examples, see Daniell et al., 1981; Schaack et al., 1990) . This resistant fraction, consisting of DNA that migrates as full length, can constitute up to 50% of the viral DNA isolated from nuclei (Daniell et al., 1981) . This finding has been attributed to the presence of virions that were not uncoated in preparations (Daniell et al., 1981) . It seems more likely that this resistant material corresponds to the shear-resistant DNA-protein complexes reported here. A substantial fraction of viral DNA also was resistant to restriction endonuclease and exonuclease III, or DNAse I digestion in footprinting experiments of the E1b promoter performed with isolated nuclei (D.J. Spector, unpublished data). If partially uncoated virions (and/or NPC-viral DNA complexes) are present in nuclear matrix preparations, they might also contribute to the observed resistance of some of the viral DNA to restriction endonuclease cleavage (Schaack et al., 1990) .
Materials and methods
Cells and viruses
Monolayer and suspension cultures of HeLa cells and monolayer cultures of 293 cells (Graham et al., 1977) were maintained as described previously (Maxfield and Spector, 1997) . Adenovirus stocks were prepared from infected HeLa cells growing in suspension culture, or infected 293 cells growing in monolayer culture, and purified by two rounds of density gradient centrifugation (Spector and Samaniego, 1995) . Virus stocks were quantified by plaque titration on monolayer cultures of 293 cells (Parks and Spector, 1990; Spector and Samaniego, 1995) .
The origin of wild-type adenovirus strain dl309 has been described (Jones and Shenk, 1979) . Virus strain USF0 (Reach et al., 1990) , which lacks the USF site in the major late promoter, was provided by C.S.H. Young (Columbia Univ.).
Antibodies
Rabbit polyclonal antibodies to adenovirus 5 (ab6982) were obtained from Abcam Ltd. (Cambridge, UK). For immunoblot probing, a 1:4000 dilution of the antibody was used in a 2-h incubation. Peroxidase-conjugated goat IGG fraction to rabbit IGG (whole molecule, Cappel no. 55676) was obtained from Organon Teknika Corp. (Durham, NC). For immunoblot probing, a 1:30,000 dilution of antibody was used in a 1-h incubation.
Rabbit polyclonal antibodies to the transcription factors USF-1 (sc-229) and Sp1 (sc-59) were purchased from Santa Cruz Biotechnology. Ten microliters (2 g) were used for chromatin immunoprecipitation reactions.
The preparation of rabbit polyclonal antibody to adenovirus virion protein VII will be described elsewhere.
Preparation and fractionation of cross-linked chromatin
HeLa cells growing in 150-mm dishes were infected and, following a 1-h adsorption period, the infecting fluid was removed and the dishes were washed two times with medium lacking serum. Medium with serum was added and the incubation was continued at 37°C. Cross-linked chromatin was prepared by incorporating modifications (Boyd et al., 1998; Bennett and Osborne, 2000) of the strategy of Orlando et al. (Orlando and Paro, 1993) . The dishes were transferred to a fume hood and cross-linking was performed by adding formaldehyde to a final concentration of 1%. Following a 5-or 10-min incubation, glycine was added to a final concentration of 0.125 M and incubation was continued for 5 min. The medium was removed and the monolayers were washed two times with phosphate-buffered saline (PBS). Five milliliters of PBS/dish was added and the cells were removed from the surface and collected at 600 g for 5 min at RT. The cells were suspended in PBS containing 20 g/ml aprotinin (Sigma Chemical Corp.) and collected again by centrifugation.
To prepare chromatin, the cells were suspended in 2.5 ml of cell lysis buffer [0.005 M Pipes, pH 8.0; 0.085 M KCl; 0.5% Nonidet P-40; 20 g/ml aprotinin, 10 g/ml leupeptin (Sigma), 1 mM PMSF (freshly prepared as a 0.1 M stock in absolute ethanol)]. The suspension was transferred to a Dounce homogenizer and kept on ice for 10 -20 min. The suspension was homogenized by 50 strokes of a B pestle and the insoluble material was collected by centrifugation at 1000 g for 3 min at 4°. The pellet was suspended in 1.0 to 2.5 ml of TE (pH 7.9) containing the same three protease inhibitors, and the chromatin was sheared by four blasts of ultrasound for 30 s each using a Lab-Line Ultratip Labsonic System, equipped with a microtip. The sheared chromatin was processed immediately or stored in aliquots at Ϫ70°C.
Prior to fractionation, chromatin samples were adjusted to 0.5% N-lauroyl-sarcosine (sarcosyl) and incubated at RT for 10 min with gentle rocking. Insoluble material was removed by centrifugation for 5 min at 14,000 g. For analysis by equilibrium density gradient centrifugation, the chromatin was adjusted to 5 ml of 1.37 g/ml of CsCl in TE containing 0.5 mM EGTA and 0.5% sarcosyl. Centrifugation was performed for 66 h at 40,000 rpm at 20°C in a SW55Ti rotor. Fractions (0.5 ml) were collected from the bottom of the tube and the chromatin was precipitated with ethanol and suspended in TE.
For sedimentation analysis, 0.6 ml of CsCl (1.42 g/ml in TE containing 0.5% sarcosyl) was added to the bottom of an SW55 tube and carefully overlaid first with 3.5 ml of 20% sucrose in TE-sarcosyl and then with 1 ml of chromatin from about 3 ϫ 10 7 nuclei. Centrifugation was performed at 39,000 rpm in the SW55Ti rotor for 2.5 h at 22°C. Fractions were collected and precipitated as described above. Alternatively, fractions were dialyzed vs 1ϫ TE and stored at Ϫ70°C.
Extraction of chromatin DNA
DNA was extracted as described by Bennett and Osborne (2000) . Unfractionated chromatin or gradient samples were diluted to 0.45 ml with 1ϫ TE, if necessary, and adjusted to 0.3 M NaCl, 1% SDS, and 20 g/ml RNase A (heated for 10 min at 80°C to inactivate DNase). Cross-links were reversed by incubation at 65°C for 4 h. The samples were then adjusted to 0.04 M Tris-HCl, pH 6.8, 0.01 M EDTA, and 0.8 mg/ml proteinase K, and the incubation was continued at 45°C for 2 h. Samples could be kept at RT overnight prior to, during, or after the 45°C incubation. Nucleic acid was extracted once with an equal volume of phenol, saturated with TE, and one-fourth volume of chloroform-IAA, and then once with an equal volume of chloroform-IAA. The nucleic acid was precipitated with ethanol and suspended in water. DNA was analyzed by DNA blot hybridization as described previously (Spector, 1982) or by PCR. Where indicated, quantification of blot hybridization results was performed on a Molecular Dynamics PhosphorImager.
Analysis of proteins in gradient fractions
To reverse cross-links, pelleted chromatin was suspended in sample buffer (0.08 M Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 0.01% bromphenol blue, 0.1 M dithiothreitol) and boiled for 30 min (Takahashi et al., 2000) or until the pellet was completely soluble. Proteins were detected by horseradish peroxidase based probing of immunoblots prepared after electrophoresis in 10% polyacrylamide-SDS gels (Samaniego et al., 1994) . Nitrocellulose (BA-83, Schleicher and Schuell) immunoblots were blocked for 1 h with 5% nonfat milk in PBS containing 0.1% Tween 20 (PBS-T); antibodies were diluted in PBS-T containing 1% milk, and detection was performed with the SuperSignal Substrate system (Pierce Chemicals).
Chromatin immunoprecipitation
Chromatin samples from about 6 ϫ 10 6 nuclei were centrifuged at 14,000 g for 5 min at 4°and the supernatant was diluted to 0.5 ml, if necessary. The sample was adjusted to 0.05 M Tris-HCl, pH 8.0, 0.005 M EDTA, 0.15 M NaCl, 0.5% NP-40, and 20 g/ml aprotinin (IP lysis buffer), mixed with 0.035 ml of 50% BSA-protein A-Sepharose beads, and rocked at 4°for at least 4 h. Meanwhile, 0.03 ml of 30% protein A-Sepharose beads were mixed with 0.5 mg of sheared salmon sperm DNA in 0.5 ml of IP lysis buffer and rocked at 4°also. The beads were collected by centrifugation for 5 min at 4°. The supernatant from the protein A-Sepharose beads was discarded and the supernatant from the chromatin sample was transferred to the protein A-Sepharose beads. This protocol should occupy nonspecific binding sites for proteins or DNA on the protein A-Sepharose beads. Antibody was added (1-2 g) and the incubation was continued at 4°with rocking for at least 4 h.
The beads were collected and one of the supernatants from each sample incubated with heterospecific antibody was saved for determination of input DNA. The beads were washed four times with 0.02 M Tris-HCl, pH 8, 0.002 M EDTA, 0.15 M NaCl, 0.1% Triton X-100, and the bound chromatin was eluted after three successive incubations for 5 min at RT in 0.15 ml of 1% SDS, 0.05 M sodium bicarbonate (Bennett and Osborne, 2000) . Cross-links were reversed and DNA was extracted as described above and suspended in 0.05 ml of water or 0.1 ml of water (input samples). Input samples were diluted 1:100. PCR was performed with 0.002 ml aliquots. Data were quantified using a Kodak EDAS 290 imaging system with ID Image Analysis software.
PCR and primers
PCR was performed using 25 u/ml Taq DNA polymerase (Fisher Scientific) in Buffer B with 1.5 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphates, and 0.2 M primers, and serial dilutions of DNA preparations. Products were analyzed by electrophoresis in 3% NuSieve 3:1 agarose (BMA Products, Rockland, ME) gels.
The primer pairs used were as follows: (1) Adenovirus dl309 major late promoter region: nucleotides 5945 to 5968: 5Ј-CCCTCTTCGGCATCAAGGAAGGTG-3Ј; nucleotides 6177 to 6154: 5Ј-GGCCAGGTGAATATCAAATCCTCC-3Ј; (2) Adenovirus dl309 L3 region: nucleotides 21, 104 to 21, 125: 5Ј-CGTTGCCCAGTGTAACATGACC-3Ј; nucleotides 21,566 to 21,545: 5Ј-GGCATCCACCTCAAAAGT-CATG-3Ј.
